Cress (Lepidium sativum) seeds were germinated in darkness. Seedlings were investigated for soluble proteins by SDS-PAGE. Two proteins were identified by microsequencing: the small subunit of ribulosebisphosphate carboxylase (SSU) and the alpha subunit of the storage protein cruciferin. Net synthesis of small and large subunits of ribulosebisphosphate carbox ylase (SSU and LSU) was investigated by Western blot. Net synthesis of both subunits was inhibited by coumarin. To the contrary, net synthesis of cruciferin was increased by coumarin. With specific cDNA probes, we determined steady state levels of the corresponding mRNAs (rbcS mRNA for SSU, rbcL mRNA for LSU). Both mRNAs can be detected in dry seeds; their am ount increases during germination in the dark. Incubation with coumarin inhibits this increase. Inhibition of development by coumarin on the level of transcription is discussed.
Introduction
C oum arin (2 H -l-b en zo p y ran -2 -o n e) is know n since a long tim e as reg u lato r o f plant grow th and developm ent (review: B row n, 1981). Being p ro duced by som e plants, coum arin is listed as an allelophatic chem ical (P utnam , 1983; Valio, 1973) . In this connection, m ainly its action as germ ination inhibitor has b een co nsidered (W illiams and H oagland, 1982; Reynolds, 1989) . It inhibits root grow th sim ilar as several phenolic acids do (Glass, 1976) . Tolerant species are believed to m etabolize coum arin and detoxify it in this way (Sivan et al., 1965) . H ow ever, th e re are effects different from this inhibitory action: Svensson (1972) rep o rted e.g. an increase o f n et D N A synthesis, decrease of net R N A synthesis and increase of the protein co ntent p e r cell by coum arin in roots of m aize and w heat. The lack o f interactio n o f coum arin with several m etabolic inhibitors led Svensson (1972) to the conclusion th a t coum arin effects already Reprint requests to Prof. Dr. W. Rüdiger. Telefax: (089) 17861-185.
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In the course of o u r studies on p ro tein p attern s during germ ination of cress seeds, we charac terized a seed protein as carboxy term inal frag m ent of the heat shock p ro tein H S P 70 (O ster et al., 1992) . This fragm ent occurs naturally in dry seeds but disappears norm ally during germ ination. C oum arin inhibits the degradation of this frag m ent. The opposite behaviour was found for a 17 kD a protein. We describe here its identification as the small subunit of ribulosebisphosphate car boxylase. This observation pro m p ted a study on the accum ulation of both subunits (SSU and LSU ) of this enzym e on protein and m R N A level during germ ination of cress seeds in the d ark and the influence of coum arin on these processes.
Materials and Methods

Treatment o f plant material
Seeds of garden cress (L epidium sativum L.) were eith er germ inated with w ater ( "w ater con tro l") or tre ated with coum arin u nder o th er wise identical conditions. C oum arin (final conc. 9 x 1 0 " 3 m ) was applied to the filter p ap e r as d e scribed before (O ster et al., 1 9 9 2 ). Cress seeds (15 p er Petri dish, d iam eter 4.5 cm) w ere evenly distributed on the filter p a p e r which was moistu red with 1.5 ml of eith er w ater or coum arin solu tion. The Petri dishes w ere th en incubated at 24 °C and 80% relative hum idity in the dark for the indi cated tim e. Sowing and harvesting was perform ed u n d er dim -green safelight.
Extraction o f soluble proteins
Seeds or seedlings of 4 P etri dishes w ere col lected, frozen w ith liquid nitrogen and ho m ogen ized with 8 ml 50 mM Tris/H Cl, pH 8.3, with m o rtar and pistil. The h om ogenate was centrifuged at 12,000xg for 15 min. Precooled acetone (final conc. 70% , v/v) was th en ad d ed to the su p ern atan t and the m ixture incubated at -8 0 °C for 15 h. The protein p recipitate was then sep arated by centri fugation (8000x g for 15 m in) and dissolved in 100 ^il 9.5 m urea. P rotein was d eterm in ed accord ing to Lowry et al. (1951) Beisiegl (1986) ; the an ti sera against LSU from Sinapis alba and SSU from P isum sativum , respectively, w ere applied in a 1:500 dilution. M icrosequencing was per form ed according to E ck ersk o rn et al. (1988) after collection o f the respective band from 1 0 lanes.
R N A isolation and hybridization
Total R N A was p rep ared according to Paulsen and B ogorad (1988) with the m odifications of K ittsteiner et al. (1991) . L abelling of D N A probes were perfo rm ed with random prim ers (Feinberg and Vogelstein. 1983) .
Results and Discussion
In a previous paper (O ste r et al., 1992) , we com pared protein p a tte rn ' of dry seeds, dark-grow n seedlings and co u m arin-treated seeds of L epidium sativum L. In the course of these experim ents, we noticed a protein band sized about 17 k D a in the fraction of soluble proteins which was detectable after C oom assie staining only in the seedlings but not in the dry seeds or cou m arin -treated seeds (Fig. 1) . In o rder to identify the protein, we sepa rated soluble proteins by SD S-PA G E, b lo tted the proteins of 1 0 lanes ( 2 0 0 (ig total p ro tein each) to siliconized glass fiber and applied the collected spots to gas phase sequencing. The resulting Nterm inal sequence IKVWPPIGKKKF identified the protein as the small subunit of ribulosebisphosphate carboxylase/oxygenase (SSU, Fig. 2 ). The hom ology w ith know n sequences of SSU from higher plants is high (betw een 58 and 83% identity).
In o rder to investigate the form ation of SSU in dark-grow n seedlings in m ore detail, we investi gated extracts from seeds, seedlings and coum arintreated seeds by im m unostaining. Besides an an ti serum against SSU, a n o th er antiserum against the large subunit of ribulosebisphosphate carboxylase/ oxygenase (L SU ) was used in th ese studies. B oth subunits are p re se n t already in dry seeds (Fig. 3) . D uring the first 24 h of im bibition, the am ount of b oth subunits rem ains as low as in the dry seeds.
We observe an increase of th e am o u n t of b oth su b units during g erm ination in th e dark , i.e. 48 to 72 h after im bibition (lanes 3 and 4). N o fu rth er in crease is found upon prolo n g ed incubation in the dark, i.e. 96 and 120 h after im bibition (lanes 5 and 6 ). In the p resence of coum arin, no increase in the content of SSU o r LSU can be observed 48 h after im bibition (lane 7). The am o u n t of both subunits rem ains at th e level of th a t in dry seeds u n d er these conditions. This m eans th at n eith er net synthesis n o r n et d eg rad atio n is observed in the presence of coum arin. This differs from the situ a tion w ith cruciferin (see below ): we observed an increase in th e am ount o f cruciferin during incu bation with coum arin (Fig. 1) . The increase d em on strates th a t translation in general is not in hibited by coum arin.
The anti-SSU antiserum gives a positive cross reaction also with LSU, with the 32 k D a fragm ent of H S P 70 (O ster et al., 1992) and a m ajor protein of ap p aren t size 30 kD a. We d eterm in ed also the identity of this protein by m icrosequencing: the sequence RQSLGVPPQLGNE identi fied it as the a-su b u n it of cruciferin, the storage protein of Brassicaceae (Fig. 4) . The cross-reaction is significantly w eaker th an the p ro p e r reaction with SSU. We assum e th a t a few epitopes in the cross-reacting proteins are sim ilar to the authentic epitopes in SSU. The p ro tein bands which reactbesides LSU -with the anti-L SU antiserum are probably proteolysis products of LSU, indicating degradation in spite of constant accum ulation, i.e. a steady turnover of LSU in the dark.
Synthesis of a p ro tein in germ inating seeds can either be derived from m R N A pre-existing in seeds or from m R N A newly form ed during germ i nation. In o rd er to test this situation in cress, we determ ined the steady state levels of m R N A for (Rödin et al., 1990 (Rödin et al., , 1992 8 8
:::::::::: Q : : 1 2 6 Arabidopsis thaliana (Raynal et al., 1990) Fig T hese results suggest th at new synthesis of both m R N A s occurs during germ ination in the dark and th a t this synthesis is inhibited by coum arin. Increased steady state levels can principally also be achieved by a d ecreased rate of d egradation even w ith a constant rate of synthesis. We consider this altern ativ e unlikely in our plant m aterial; it w ould imply a high rate of d eg rad atio n in dry seeds th at are generally know n for slow m etab olism. D uring germ ination, the high rate of d eg ra dation should be m aintained only in the presence of the inhibitor coum arin b u t should decline w ith out the inhibitor. The likely explanation of the o b served effects is the inhibition of transcription of rbcS and rbcL genes by coum arin. It cannot be decided at this m om ent w h eth er coum arin is an inhibitor of transcription or w hether inhibits specifically the activation of a gene (our group of genes) responsible for developm ent.
M any papers deal with rbcS and rbcL gene ex pression and its regulation (reviews: L ehm ann and Parthier, 1985; M anzara and G ruissem , 1988; D ean et al., 1989; Spreitzer, 1993) . D evelopm ental control can be considered as the basic regulation which operates in the dark and in the light in both dicotyledonous (B erry et al., 1985; D eg en h ard t etal., 1991; H arn et al., 1993) and m onocotyledonous plants (R app and M ullet, 1991) . D evel opm ental regulation of rbcS transcripts in connec tion with source-sink transcriptions has recently been discussed in correlation with m etabolic fac tors related to the carb o h y d rate content (K rapp et al., 1993) ; it rem ains to be shown w h ether such a regulation is of general im portance. D ev elo p m ental regulation is superim posed by light regu- lation. Light reg u lated synthesis of SSU is p ri m arily u n d er transcriptional control: regulation of rbcS gene expression via phytochrom e is well docum ented. Light regulation of the synthesis of LSU is possibly quite different: evidence for tra n s lational control has been accum ulated in this case (Sivan et al., 1965; Inam ine et al., 1985) . This com plex regulation leads finally to a stoichiom etric ac cum ulation of b o th subunits in the m ature enzyme. H ow ever, the accum ulation of the subunits and th eir m R N A s is n o t strictly coordinated u n d er all experim ental conditions (B erry et al., 1985; H arn et al., 1993) .
Very early stages of develo p m en t do not contain m easurable am ounts of LSU o r SSU peptides and rbcL m R N A o r rbcS m R N A in A m aranthus coty ledons (B erry et al., 1985) o r in barley prim ary leaves (R ap p and M ullet, 1991) . The d evelopm en tal state of dry cress seeds an d 24 h-old seedlings (this paper) co rresponds to a b o u t 3 day-old A m a ranthus seedlings (B erry et al., 1985) or leaf sec tions 3 to 5 ( 1 -4 cm from th e leaf base) of darkgrow n 4 day-old barley plants (R ap p and M ullet, 1991): we find both LSU and SSU m R N A s and peptides in the dark. We find fu rth erm o re cab m R N A 48 h-old dark-grow n seedlings (K ittsteiner et al., 1991) ; this corresponds also the section 5 of the barley leaf (R app and M ullet, 1991) . L ater developm ental stages in the dark contain sm aller am ounts of cab m R N A in both plants (K ittsteiner et al., 1991; R app and M ullet, 1991) . In cress seed lings, a steady increase of b oth rbcS m R N A and rbcL m R N A is observed during developm ent in the dark (this paper). In A m aranthus and barley, the am ount of rbcL m R N A increases for a longer tim e of developm ent than the am ount of rbcS m R N A (B erry et al., 1985; R app and M ullet, 1991) . These observations indicate th a t the p a r ticular developm ental program is -w ithin a cer tain fram e -species-specific.
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